In 1963 a new syndrome was described in Australian children based on the association of severe fatty degeneration of the liver with acute encephalopathy (Reye et al., 1963) . Twenty-one children in Sydney had an acute illness with profound disturbance of consciousness progressing to coma, and, in the majority, to death within two and a half days of admission to hospital. Prodromal respiratory symptoms, persistent severe vomiting, disturbed respiratory rhythm, convulsions, altered reflexes and muscle tone, and hypoglycaemia were often present. Pronounced cerebral swelling and fatty changes in the kidneys were additional findings at necropsy.
In the correspondence which followed this first description similar cases were reported from England, Scotland, South Africa, and Czechoslovakia (Elliott et al., 1963 ; Maloney, 1963; Utian and Wagner, 1963 ; Stejskal and Kluska, 1964) . Though this disease appears to be widely distributed the cause is unknown.
Since 1959 at least nine children in Auckland have died of a similar disease. The purpose of this report is to present the clinical and pathological features of these nine patients, to compare them with those previously described, and to consider possible aetiological factors. Three further cases of illnesses which possibly represent variations from the typical disease pattern are described.
Typical Cases (Nos. 1-9) Six cases were seen in 1959 and 1960, and Seven were less than 2 years old. There were seven boys and two girls. Four were European, three Polynesian, and two partPolynesian and part-European. All children had grown and developed normally. Two were siblings-brothers aged 1j and 61 years-whose illnesses occurred nine months apart. Otherwise there was no known contact between cases, no recent or past history of similar illnesses in the families, nor of other concurrent family illnesses. There was no particular seasonal incidence and no concentration of cases in one locality.
The major clinical, biochemical, and pathological findings are summarized in Table I -and details of individual patients  are presented in Table II. * Pathologist, Princess Mary Hospital for Children, Auckland, New Zealand.
Clinical
Coma was the major concern in all patients, and eight of the nine were unconscious or stuporous on admission to hospital. Most of them had prodromal symptoms. Six had a history suggestive of a trivial infection of the upper respiratory tract, usually with coryza and cough, beginning four to seven days previously. Repeated vomiting was a more dramatic symptom in six children, preceding the onset of coma by intervals of three days to a few hours. Though this vomiting was severe there was no haematemesis. It was accompanied by increasing drowsiness until coma ensued, without prior convulsions. Two children were irritable during the period of loss of consciousness, but only one had bouts of screaming and violent movements similar to the wild delirium occurring in nearly half the cases described by Reye et al. (1963) . Three children did not vomit. Two of these were-the siblings who were found unconscious in bed in the morning, no previous symptoms having been noted. The third child had been admitted to hospital after a convulsion which appeared to be febrile in type. He had pharyngitis and otitis media, which settled promptly after treatment with tetracycline ; but on the fifth day, after being anorexic for the previous 20 hours, he was found unconscious.
Seven patients had deep stertorous " acidotic" respirations shortly after the onset of coma. There was no evidence of shock, blood-pressures were normal, and there was minimal tachycardia. Only one child had a temperature above 38.50 C.
Six children had evidence of otitis media or pharyngitis. The only other findings of note at the initial examinations were a petechial rash on the abdomen and limbs of one child and moderate enlargement of the liver in another. There was no jaundice. Coma deepened despite various forms of therapy, which included antibiotics, sedatives, adrenal steroids, and intravenous fluids, electrolytes, and glucose. No one medication was given to all patients. Eight developed focal twitchings and there were generalized convulsions in four. Increased muscular tone, clonus, or opisthotonos was recorded in the majority, and in two the terminal state was described as that of decerebrate rigidity. There were no localizing nervous-system signs. After a variable interval respirations became irregular and then ceased, and, except where positive-pressure respirations were maintained, death occurred shortly afterwards. The interval between the onset of coma and death was 12 hours to 51 days.
The usual provisional diagnosis was encephalitis, but in all cases the cytology and protein content of the cerebrospinal fluid (C.S.F.) were normal.
Biochemical
Hypoglycaemia.-This was a feature of the first few cases, and initially was regarded as an essential part of the syndrome. Eight children had blood-sugar levels (Somogyi method) of 30 mg./100 ml. or less, accompanied by low sugar levels in the C.S.F. In most patients it was the finding of a low sugar level in an otherwise normal C.S.F. that led to the estimation of the blood levels. The ninth case had a normal blood-sugar level on one estimation, made shortly after the onset of coma. " Acidosis."-The serum CO2 content was low in seven patients, and in four the levels were less than 11 mEq/l. No blood pH determinations were made, and the early view that there was a severe metabolic acidosis present may be incorrect in those patients with hyperpnoea. On two occasions intravenous lactate did not give the expected reversal of this change.
Ketonuria was present in four cases.
Azotaemia. (Table III) . 3, 4, 6, 7 3, 4, 6, 8 8, 9 3, 4, 6, 7 3, 4, 6, 7, 8, 9 Liver 3. 4, 6 3, 4, 6 9 3, 4, 6 3, 4, 6, 9 Spleen 3 A previously healthy 2-year-old European girl was admitted to hospital in September 1959. She had been irritable after a cold 10 days previously. On the day of admission she vomited repeatedly for several hours and became comatose. On admission she was not shocked and her temperature was normal. There was no acidosis or hypoglycaemia. After admission she had a generalized convulsion, but three hours later she was rousing and 10 days later appeared to be her normal self. She then vomited repeatedly for several hours and again became comatose. Blood-sugar levels were normal. Right-sided convulsions began and continued for three days. There was slow recovery, but she had residual right hemiparesis when she left hospital after one month. For one further month she appeared to be improving and had gained weight, then there was a sudden onset of continuous vomiting and retching lasting Necropsy showed that she was well nourished. The liver was bright yellow-orange in colour and finely nodular. Histologically there was extensive fibrosis, marked bile-duct proliferation, and patchy inflammation in the portal tracts (Fig. 2) . The lobular pattern was disorganized and regenerative nodules were present. The majority of parenchymal cells contained large amounts of fat dispersed in small vacuoles, but a striking feature was the absence of this fatty change in the regenerative nodules. Conversely, stainable glycogen was restricted to these nodules. The brain weighed 900 g. The greater part of the cortical grey matter was shrunken and finely cystic owing to extensive spongiosis. Histologically there was extensive gliosis and cyst-formation in the cortical grey matter, and slight demyelination and a lesser degree of gliosis in the white matter. Copper could not be demonstrated histochemically in the liver, cerebral cortex, and lenticular nuclei.
This patient had an unusual history with three episodes of coma preceded by vomiting, but not by convulsions. The first episode left no sequelae, the second left some cerebral defect, and on the third occasion the cerebral injury was severe. At no time was there clinical suspicion of liver disease, and the finding of cirrhosis was quite unexpected. The history and the character of the fatty change in the liver suggest a possible relation to Cases 1-9. The cirrhosis and encephalomalacia are likely sequelae of the acute lesions found in the latter patients.
Case 11
A 2 -year-old Maori girl was admitted to hospital in September 1964 with a history of cough, slight fever, vomiting, and diarrhoea since the previous day. For the previous 12 hours she had been drowsy, difficult to rouse, and hyperventilating. She had been a healthy child, though there had been convulsions with two previous respiratory infections. On admission she was comatose; respirations were stertorous, blood-pressure was normal, and temperature 35.3' C. She was flaccid, reflexes were depressed, there was no meningism, and the ocular fundi were normal. Investigations: C.S.F. normal; white blood-cells 36,000/c.mm. (neutrophils 68%); blood culture negative ; chest x-ray picture normal; blood sugar 94 mg./100 ml.; serum sodium 137 mg./100 ml.; serum CO2 content 4.4 mEq/l. ; serum salicylate less than 5 mg./100 ml. (Walton and Scott, 1964 
The Syndrome
The individual components of the syndrome are not specific, and in various combinations are found in children with other illnesses of known or unknown cause. Nevertheless, when all features are considered, Cases 1 to 9 are believed to be distinct and to have some common aetiological or pathogenetic factor. The detailed histology of the liver is believed to be the most important criterion, and the essential features of uniformity of change throughout the liver lobules and the distribution of fat in small vacuoles have been reiterated by Reye and Morgan (1963) . An identical histological appearance, with a somewhat similar clinical illness, occurs in the acute fatty liver of pregnancy, and the fact that some authors have regarded the changes as unique to pregnancy emphasizes the rarity of this particular pattern (Kahil et al., 1964) . Table I (Corlett, 1963 (Lancet, 1964) .
The conclusions summarized in
A number of blue-or green-fluorescent aflatoxins have been isolated (Sea Bong Chang et al., 1963) . There has been speculation on the possible effects on man of aflatoxins and toxic products of other fungi which may contaminate cereals (Davidson, 1964 ; Brit. med. 7., 1965) . In the primate, under experimental conditions, aflatoxins initially produce severe diffuse fatty changes in the liver cells. In four weeks there is a fibrosis in the portal tracts and marked bile-duct proliferation accompanying the fatty change (Tulpule et al., 1964; Madhavan et al., 1965) . There is a marked similarity between the early lesions described and illustrated by Madhavan et al. (1965) and those found in Cases 1-9 above, and the late lesions closely resemble those described in Case 10. In calves aflatoxins can produce the experimental equivalent of veno-occlusive disease (Hill, 1964 (Rees and Shotlander, 1964).
The marked reduction in serum betalipoprotein and cholesterol levels in Case 11 may be significant in this respect.
Hormonal, Nutritional, and Metabolic Factors
It is unlikely that the fatty liver and the severe metabolic disturbance are secondary to the encephalopathy, mediated either through hypothalamic-endocrine pathways or as a result of acute nutritional deprivation. Fatty liver is not commonly associated with other forms of diffuse brain disease in childhood. Chronic nutritional deficiency has been an associated factor in the " vomiting-sickness of Jamaica," but all cases of the present series were well nourished and deficiency of lipotrophic factors is most unlikely. There is no clinical or pathological evidence to suggest that an endocrine disturbance is the basis of the disease, but further information on circulating hormone levels would be of value in elucidating the pathogenesis of the hypoglycaemia and fatty changes in the liver (Gillman and Gilbert, 1958) .
The hypoglycaemia is likely to be hepatic in origin, particularly as an association with fatty change is well recognized (Duncan, 1964) . The absence of necrosis suggests that the biochemical lesion in the liver cells concerns special functions rather than cell viability. If the basic abnormality was a defect in gluconeogenesis then deprivation of exogenous glucose could lead to glycogen depletion, hypoglycaemia, mobilization of depot fat to the liver, and ketosis. This sequence of events may account for the fatty livers and hypoglycaemia found in children with a congenital deficiency of the enzyme glycogen synthetase (Lewis et al., 1963 ; Parr et al., 1965) , but in other respects such cases have differed from those under discussion. The hypoglycaemia accompanying the fatty changes in the liver produced by known hepatotoxins presumably results from separate effects on enzymes concerned with carbohydrate metabolism.
Investigation of enzymes in liver tissue may reveal congenital or acquired deficiencies of this type in future cases.
The Encephalopathy
The later symptomatology and mode of death are those of progressive disease of the nervous system and are consistent with the effects of increasing intracranial tension. The available evidence is strongly in favour of this being an encephalopathy, initiated systemically, rather than an encephalitis. Histological abnormalitites in the brain are diffuse, non-specific, and of a type in which separation of true and artifactual change is often difficult. A number of known toxic and metabolic agents can produce similar changes, and identical appearances have been described in the brains of 16 children with acute encephalopathy of obscure origin, none of whom had fatty livers or hypoglycaemia (Lyon et al., 1961) . Hypoglycaemia can produce similar pathological effects, and Utian et al. (1964) suggested that in their cases hypoglycaemia led to irreversible change in cerebral cells, thus accounting for the failure to respond to intravenous glucose. Although normal blood-sugar levels have been recorded in some cases, this does not exclude hypoglycaemia earlier in the illness. Intravenous glucose did not cause even transient improvement in the clinical state of patients in the Auckland series, and, although the encephalopathy is likely to have been hepatic in origin, hypoglycaemia probably was not the sole pathogenetic factor. Alternatively, a hepatotoxin may have had an independent toxic effect on the brain.
Investigation of Future Cases
The following suggestions are largely dependent on early diagnosis, which is made difficult by the sporadic occurrence of the disease and the non-specific clinical features. Reye et al. (1963) gained the impression that the use of corticosteroids and the continuous infusion of more than 2.5 g. of glucose hourly gave improved chances of survival. As death appears to result from respiratory failure associated with raised intracranial tension, positive-pressure respiration will usually be indicated and hypothermia may be of value.
Summary
Since 1959 nine Auckland children have died from the disease first described under the title of "encephalopathy and fatty degeneration of the viscera." The constant features have been an acute severe progressive disturbance of cerebral function, a characteristically diffuse and uniform fatty change in the liver, and cerebral swelling. Prodromal coryza and cough, vomiting, hyperpnoea, leucocytosis, hypdglycaemia, low serum CO2 content, fatty changes in renal tubules, and reactive changes in lymphoid tissues have usually been present.
The late pathological effects are described in one of two atypical cases in which the patient survived the acute illness with residual cerebral damage. Another Symonds (1927) was the first to offer the explanation that thrombosis in the right subclavian artery extended proximally to the point of junction of the right common carotid artery, and that portions of clot became detached, forming emboli to the cerebral circulation. In all, eight cases have been described with this syndrome, and details are summarized in the Table. A similar syndrome associated with a traumatic aneurysm of the axillary artery due to an ununited fracture of the right Later she developed pallor of the thumb and index finger and a " bruise " of the skin overlying the right first interosseus space. She had also had a chilblain on the right thumb for about two weeks.
